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doi:10.1016/j.ejvs.2008.09.024Abstract Background: The best time to intervene in traumatic aortic injuries has long been
a matter of debate. While emergency surgery is characterized by high morbidity and mortality,
initial medical management of uncomplicated aortic injury and subsequent delayed surgery
resulted in better outcome.
Methods and results: From analysis of medical literature of the last 10 years, major paradigm
shift in management of traumatic injuries includes the use of different imaging methods for
diagnosis , with a almost complete elimination of aortography and transesophageal echocardi-
ography in favour of CT scan, and a significant change in method of definitive repair, shifting
from exclusively open techniques in 1997 to predominantly endovascular repairs in 2007. At
present several reports in literature provide data on comparative results of endovascular
therapy with respect open surgery, supporting the use of stent-graft in traumatic injuries, both
in acute and chronic cases. The authors’ personal experience comprises 58 patients treated
with endovascular stent-graft repair, with no mortality or treatment failure even during 11
years follow-up.
Conclusions: For many years traumatic aortic injury has been considered a highly lethal lesion
and a potential cause of death in blunt chest trauma. Because of the lower invasivity endovas-
cular repair can be applied in traumatic aortic injury with very low risk and limited impact on
trauma destabilization. Long term follow-up seems indicate a substantial durability of the
procedure.
ª 2008 European Society for Vascular Surgery. Published by Elsevier Ltd. All rights reserved.y R. Fattori, Bologna, Italy.
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Traumatic aortic injury (TAI) is a lesion extending from the
intima to the adventitia, occurring as a result of trauma.
The era of high-speed motor vehicles has brought with it an
increased incidence of TAI. Between 1936 and 1942, in
a cohort of 7000 autopsies, Strassman1 found only 51d by Elsevier Ltd. All rights reserved.
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ular collision, whereas several recent investigations have
shown that TAI occurs in 10e30% of adults sustaining fatal
blunt trauma. Recent investigations have shown that TAI
occurs in 10e30% of adults sustaining fatal blunt trauma2,3;
it therefore represents one of the most common causes of
death at the scene of vehicular accidents, accounting for
8000 victims/year in USA. The more sophisticated pre-
hospital care and the proliferation of rapid transport for
patients have resulted in an average increase in the number
of patients treated. The lesion may be generated by many
different types of sudden-deceleration injury, including car
and motorcycle collisions, falls from a height or blast
injuries, airplane and train crashes, skiing and equestrian
accidents. The region subjected to the greatest strain is put
upon the isthmus, where the relatively mobile thoracic
aorta joins the fixed arch and the insertion of the liga-
mentum arteriosus. Aortic ruptures occur at this site in 80%
of the pathological series and in 90e95% of the clinical
series.2e9 Another hypothesis considers a major role in
bending stress by chest compression: a direct impact
produces flexion of the aortic arch upon hilar structures
acting as fulcrum.10 An additional force such as a sudden
increase in hydrostatic pressure, acting with ‘‘water
hammer’’ effect, has also been postulated. Considering the
different causes and types of impact which produce the
aortic lesion, it is reasonable to propose that not only one
mechanism but a combination of many is also involved in its
determination.
The mandatory use of a seat belt, first introduced in the
1970s in Finland, and progressively throughout the world,
has partially modified the characteristics of the trauma
impact that leads to aortic injury. However, air bags and
seatbelts do not protect against this type of impact. Such
injuries can be expected to gain prominence in road traffic
injury statistics,2 since the frequency of lethal injuries in
head-on collisions is lowered by the mandatory use of
restraints, which protect the victim from thoracic and head
lesions but not from the mechanism producing aortic injury.Pathology
In the 1950s Loren Parmley, a pathologist in the US Armed
Forces performed an historic analysis on 296 cases of TAI
among victims of Korea’s war.9 This study, which is up to
now the widest pathological series, clearly defined the
characteristics of the aortic lesion and emphasized the
time relationships between the trauma and subsequent
death, underlying the high lethality of the untreated
lesions. According to the Parmley study (9 out of 296 aortic
injuries) the lesion may be classified as follows: (1) intimal
hemorrhage; (2) intimal hemorrhage with laceration; (3)
medial laceration; (4) complete laceration of the aorta;
(5) false aneurysm formation; (6) periaortic hemorrhage.
Areas of intimal hemorrhage were noted at autopsy in
patients who died of other fatal lesions. The endothelial
layer may be intact or the hemorrhage may be associated
with circumscribed laceration of the endothelial and
internal elastic lamina of the intima. It is probable that
lesions of this type occurred frequently but were not
recognized. When blood lifts up the upper edge of theintimo-medial lesion, separates the media and expands in
the sub-adventitial space. At histology, the internal elastic
lamina may be interrupted, thereby exposing the media.
The tear is transverse in 80e90% of patients and involves
all or part of the aortic circumference. When the lesion
involves intimal and medial layers, a false aneurysm
formation occurs. The aneurysm is fusiform in the case of
a circumferential lesion involving the entire wall on the
transversal plane, while in a partial lesion in which only
a portion of the wall is lacerated, it appears as localized
diverticulum. Periaortic hemorrhage is frequently associ-
ated with the aortic injury independently of the type of
lesion. Complete rupture of the aorta including the
adventitia and the periadventitial connective tissue leads
to immediate death. However, mediastinal hematoma may
permit temporary survival. In the Parmley report, 9 of 38
patients who survived temporarily had complete transec-
tion, their survival being dependent on the hematoma
contained in periaortic and mediastinal tissues. Soon after
the injury, the pouch of the aneurysm contains a thrombus
consisting of fibrin and enmeshed red blood cells. It
follows fibroblastic proliferation and neo-vascularization in
the aortic wall. After 2e3 weeks the thrombus becomes
organized and the wall of the pouch lined with endothelial
cells initiates the healing process.Trend in management of aortic injuries
For many years it has been conventional to consider trau-
matic aortic injury to be a highly lethal injury. This concept
was primarily based on the historical study by Parmley.9
Remarkably, Parmley’s analysis estimated that 85% of the
victims died on the scene from free aortic rupture; of those
who survived at least for 1 h, 30% died within 6 h, 49%
within 24 h and 90% within four months. This article has
been referred to every subsequent report on this topic and
has influenced the general opinion over the next 50 years,
leading to the concept that immediate surgery should be
advocated in traumatic aortic injury in any case. However,
as reported in several clinical series,10e17 the risk of
a complete rupture of the aorta is not very high after
4e6 h, especially if patients, once admitted to hospital, are
immediately submitted to pharmacological treatment with
controlled hypotension.
The best time to intervene in the aortic lesion and
whether surgery should be preceded or followed by the
treatment of associated traumatic lesions have long been
a matter of debate.10e18 Immediate surgery has been char-
acterized by a highmortality andmorbidity rate (20e40%): in
a report of 144 patients undergoing surgery within an
average of 6 h after arrival in hospital, there was an intra-
operative mortality of 10.2% and postoperative mortality of
18.4%withmajor postoperativemorbidity such as paraplegia
reaching 10.5%.4 In a recent prospective multicenter trial11
among 274 patients collected over 2.5 years, the overall
mortality was 31%, with 14% of operative mortality in stable
patients undergoing planned thoracotomy.
This first phase after the trauma is life threatening
and accident victims should be taken to hospital as
quickly as possible. A prompt diagnosis of aortic wall
injury is mandatory and an aggressive intravenous
Table 1
Acute aortic injury 27/58
Mean age ( SD) 36,1 (10,2)
ASA Class ( SD) 3 (1,7)
Time from accident to
treatment (median, range)
24 hours (5-288)
Mortality 0
Complications CVA (1 pt)
Chronic pseudoaneurysm 31/58
Mean age ( SD) 44,3 (15,4)
Time from accident to treatment
(median, range)
3 months (0,5-216)
Mortality 0
Complications 0
Endovascular Repair TAI (University of Bologna, 1997e2008).
10 R. Fattori et al.therapy with vasodilators and beta-blocking drugs must
be started to reduce the aortic wall stress and the risk of
lethal aortic rupture. According to Pate10 the risk of
rupture of a periaortic hematoma contained in the
mediastinum can be avoided if the systolic blood pressure
is constantly maintained below 120 mmHg. On the
subsequent days a process of organization of the hema-
toma usually develops and with time it will turn into
a strong fibrous tissue, with the formation of a pseudo-
aneurysm19 that has the same risk of rupture as a true
aneurysm of similar size. Patients must be admitted to an
intensive care unit with continuous monitoring of ECG,
arterial and central venous pressure, renal function and
peripheral metabolism. An arterial systolic pressure
exceeding 90 mmHg should be an indication to limit fluid
replacement and any hemodynamic support in hypoten-
sive patients. Monitoring of respiratory function and
eventual intubation and mechanical ventilation is
fundamental in polytraumatized patients with respiratory
insufficiency due to central nervous system injury,
pulmonary contusion and pleural effusion with measure-
ment of chest tube outputs.
The diagnosis and treatment of blunt TAI have under-
gone many significant changes over the last decade.
Changes in management paradigms have been reported by
the American Association for the Surgery of Trauma (AAST).
Comparing two observational multicentric studies, the
AAST 111 and AAST 2,20 covering 10 years of time interval,
there was an almost complete elimination of aortography
and transesophageal echocardiography (TEE) with increase
of CT scan as the methods of definitive diagnosis of TAI: the
percentage of patients who had CT scan diagnosis of the
aortic injury increased from 34.8% in AAST 1 to 93.3% in
AAST 2. Moreover the time from admission to definitive
repair increased significantly from AAST 1 to AAST 2
(16.5 70.8 h vs. 54.6 106.6 h, p< 0.001), as well as the
method of definitive repair, shifting from exclusively open
techniques in 1997 to predominantly endovascular repairs
in 2007. In the AAST 2 study, the vast majority of repairs
(125 of 193 or 64.8%) were performed with endovascular
stent grafts. Most importantly, there were major outcome
differences between the two studies: a significant reduc-
tion in the overall mortality during the second study period
(from 31% in AAST 1 to 13.0% in the AAST 2), along with
a significant reduction of procedure-related paraplegia
(from 8.7% to 1.6%).
The overall mortality and the incidence of major
complications are lower when it is possible to delay surgery.
All the necessary procedures of distal aortic perfusion can be
safely performed with heparin without the risk of aggrava-
tion of other traumatic lesions. It is important to remember
that 90% of patients with aortic injury have associated with
other open and closed traumatic lesions of different areas
(orthopedic, abdominal, closed-head injury) which may
cause a rapid evolution into shock and coma, thus influ-
encing the patient’s outcome. Therefore, the treatment of
associated lesions is fundamental in these patients and it is
another incentive to delay surgical intervention in the aorta.
CT scan and MRI offer non-invasive assessment of the
anatomical characteristics of the aortic lesions and can be
used to monitor their evolution.18,21e23 Signs indicative of
imminent free rupture, such as an increase in size of theperiaortic hematoma or pseudo-aneurysm, recurrent
hemothorax, associated with a poorly controlled arterial
pressure, can be promptly identified and therefore provide
an indication for emergency surgery.
Endovascular treatment
Early results and comparison with open surgery
From 1996 the introduction of endovascular techniques for
the thoracic aorta in the clinical practice opened lesser
invasive option especially for patients in which emergency
treatment is necessary. After initial limited series and case
reports, endovascular treatment has become the method of
choice in management of TAI.24e27,28e31 At present several
reports in literature provided data on comparative results
of endovascular therapy with respect to open surgery,
supporting the use of stent graft in traumatic injuries, both
in acute and chronic cases. The authors’ personal experi-
ence is summarized in Table 1. Technical success was
obtained in all patients submitted to stent graft repair. No
mortality or failure of the endovascular procedure or
persistent endoleak was observed during follow-up.
Because of the lower invasivity, avoiding thoracotomy
and the use of heparin, endovascular repair can be applied
in the acute patients without the risk of destabilizing
pulmonary, head or abdominal traumatic lesions. In early
clinical series endovascular treatment demonstrated lower
morbidity and mortality in comparison with open surgical
repair even in high-risk patients. The Talent Thoracic
Retrospective Registry,31 which collected data on 457
patients treated for thoracic aortic lesions in 7 major
European centers, reported excellent results of endovas-
cular repair in traumatic lesions: among 85 acute and
chronic aortic injuries, this type of aortic lesions resulted to
be associated with the lowest morbidity and mortality and
presented the best long term outcome. Significantly a very
low rate of primary and secondary endoleaks is reported in
case series, probably due to the good wall conditions (no
atherosclerotic alteration of the aortic wall, no mural
thrombus) at the neck sites.
Figure 1 Axial CT images of an aortic isthmic rupture with aortic wall discontinuity, periaortic mediastinal hematoma (x) and
pleural effusion ()) with associated lung atelectasia.
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and chronic cases
At present several standard measurements of thoracic stent
grafts are promptly available allowing its use in emergency.Figure 2 Multidetector CT images (A, B, D, E) and angiographic im
before (AeC) and after (DeF) endovascular treatment: the aneurysm
(x) and fully sealed on CT scan at patient discharge ()).In the past few years, initial medical management and
delayed surgery of the aortic traumatic injury represent an
important advance in the difficult management of poly-
trauma, substantially reducing operative and overall
mortality. However, there are some patients in whomages (C, F) of a large chronic post-traumatic pseudo-aneurysm
(arrows) is partially thrombosed immediately after procedure
12 R. Fattori et al.delayed surgery cannot be applied. Even if the majority of
traumatic aortic injuries are stable lesions, in approxi-
mately 5% of them the risk of rupture may be high in the
acute phase. Signs of impending rupture such as aortic
profile discontinuity at CT scan (Fig. 1), periaortic hema-
toma, repeated hemothorax, and uncontrolled blood pres-
sure are considered signs of instability. Sometimes the
aortic tear, acting with a valve mechanism, may cause
a pseudocoarctation syndrome producing a reduction of
flow in the descending aorta with lower extremity
ischemia. This complication, which represents a surgical
emergency, is accounted for 10% of victims.32 In these
unstable patients endovascular techniques offer a suitable
alternative to emergency open repair. There is no
requirement for full heparinization and the blood loss is
minimal. The risk of paraplegia seems to be very low even
in extensive atherosclerotic aneurysms in which the aortic
coverage with the stent graft extends from the leftFigure 3 Multidetector CT images of an acute traumatic aortic
a circumferential aortic injury could be easily detected (arrows),
effusion ()). The lesion is very close to the left subclavian artery. A
as well as pleural effusion and mediastinic hematoma. The left susubclavian artery to the celiac axis. Therefore, due to the
limited longitudinal extension of a traumatic lesion, only
one segment of stent graft is used with very low risk of
intercostal arteries’ occlusion.
In the chronic post-traumatic aneurysm endovascular
treatment represents a favorable alternative treatment
of an asymptomatic disease that is frequently recognized
several years after the trauma. Chronic post-traumatic
aneurysms are potential evolving lesions. Death from
rupture may occur many years after injury sometimes
without any signs and symptoms onset.19 Because it is
impossible to predict which aneurysm still remains
quiescent, elective repair is always recommended for
both symptomatic and asymptomatic lesions. Advances in
surgical techniques and spinal cord protection over the
years significantly reduced operative mortality and para-
plegia in elective surgical repair of the thoracic aorta. In
the largest surgical series, operative mortality for chronicinjury before (AeC) and after (DeF) endovascular treatment:
together with periaortic mediastinal hematoma (x) and pleural
fter endovascular treatment, the lesion is completely resolved
bclavian artery is open.
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paraplegia accounts for 5% of cases.33,34 The risk of
paraplegia in surgery of chronic post-traumatic aneurysm
is very low as compared to atherosclerotic ones, because
of the limited extension of the pseudo-aneurysm that
usually does not extend beyond the first pair of inter-
costal arteries (Fig. 2). However, patients with chronic
asymptomatic aneurysm are not always prone to accept
a major thoracotomy and the risk of dreadful complica-
tions. Endovascular treatment may play an important
role in chronic post-traumatic aneurysms management
allowing a low invasive option with limited risk of
complications.
Assessment of proper anatomy for stent graft
The endovascular treatment needs some peculiar anatom-
ical conditions to be performed so that not all the patients
can be treated. At least a proper peripheral vascular access
(7e8 mm of diameter of femoral or iliac artery) is necessary
but this condition is not always available especially in young
patients. One of the most important anatomical charac-
teristic of any lesion allowing endovascular treatment is the
presence of an adequate proximal neck. The aortic isthmus
is usually very close to the left subclavian artery and
sometimes the lesion in contiguity or with a limited
distance from the vessel. Several studies reported the
artificial creation of an aortic neck, covering the left
subclavian artery with the stent graft, with or without
previous subclavian to carotid transposition or by-pass
grafting. However, the risk of vertebral ischemia and
cerebellar infarction is reported up to 5% for interventional
treatment of intracranial aneurysm treated by vertebral
legation, therefore we may expect the same rate of
complication for endovascular coverage of the left subcla-
vian and vertebral arteries without previous revasculariza-
tion.35 Weigang et al.36 and Riesenman et al.,37
respectively, reported the development of central adverse
neurological events in 2 out of 20 (10%) and 3 out of 28
(10.7%) patients after overstenting of the LSA without
previous revascularization. Flow compensation throughout
the circle of Willis is a dynamic process which can be
influenced by the diameter of the posterior communicating
arteries and vasomotory regulation. Focusing our attention
on acute traumatic ruptures of descending aorta, we should
also consider that cerebral edema, often associated even
with mild head trauma, and general anesthesia may
potentially influence vasomotor effects in cerebral
circulation.
In young patients, the association of endovascular
procedures and carotid with subclavian by-pass (CSBP)
could be criticized, because both operations have no long
term follow-up regarding integrity and durability. More-
over, the long-life adjacency of the uncovered part of the
stent graft to the left carotid artery is a potential source of
emboli. Several articles addressed the outcomes of CSBP,
reporting a graft patency between 66 and 89% at an FU of
maximum 15 years.38 Unfortunately, these data concern
atherosclerotic lesions of supraortic vessels and are not
applicable to this cohort of patients. Therefore, if trau-
matic injuries of the aorta involve young patients with an
inadequate landing zone for stent graft deployment, it isalso possible to proceed with conventional open surgical
treatment as an alternative option to endovascular repair
associated with surgical revascularization of LSA.
It is important to remind that the absence of athero-
sclerotic wall involvement of the aorta in post-traumatic
aneurysms relies on endovascular treatment with success-
ful aneurysm sealing even with short aortic neck (4e5 mm),
without the need of left subclavian artery coverage (Fig. 3).
Preoperative imaging studies are fundamental in order to
define the indication to endovascular treatment and to
provide precise measurement of such anatomic condition.
The accuracy of measurements then becomes essential
also to verify the efficacy of the procedure along the
follow-up. Usually the aneurysm sac in both acute and
chronic cases presents a high rate of total shrinkage. Both
Multidetector CT and MR imagings represent excellent
modalities for evaluation of traumatic aortic lesion, dis-
playing the extent of the disease without partial volume
errors and providing accurate details of the aortic wall
structure and proximal aortic neck.
Conclusions
For many years traumatic aortic injury has been consid-
ered a highly lethal lesion and a potential cause of death
in blunt chest trauma. Despite evidence in the literature
of lower morbidity and mortality, initial medical manage-
ment of uncomplicated aortic injury and subsequent
delayed surgery has not been easily accepted in the clin-
ical practice. The use of endovascular techniques in
patients with suitable anatomy represents a viable alter-
native with very low risk and limited impact on trauma
destabilization.References
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